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From spectr8 tken a t  McDonald and Lick Obsardatorlee, ve loc i t l e s . i n  

the nucleus and i n  the outer mission knots of the barred spiral  

w e r e  measured. The recession velocity of the galaxy ia ilk93 km/sec.. From 

the d?ep Velocity gradient acrose the nucleus a 11188s of 9 x lG % for 
the nuclear region is determined. The northwest emission knots, 80" from 

the center, have ve loc i t ies  of the order of 150 km/sec w i t h  respect t o  the 

nucleus. The southeast emission knots have ve loc i t ies  which range From 

almost 0 (60" fbm the center) t o  250 h / s e c  (100'' from the center), w i t h  

respect t o  the nucleus. 

vsrioUa models are conetdered. 

and 

large veloci ty  of c3rculatlon in the nucleus, law rotation of the e 88 

613 

To account for this strange veloci ty  variation, 

It is suggested tha% BGC 613, l ike IGC 1097 

6951; is a type of "fat bar" spiral, w i t h  a Bmall nucleus and a 

a whole, and o u t e r . m t u r e s  reminiscent of sp i ra l  arms in ordinary SPIx'ah. 

For such a galaxy, the estimate of the total mass is hlghly uncer+in. * 
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NGC 613 has been clas::? t'ied SBc by Hubble. A plate is shown i n  Figure 1 

Although the orientation of t i  galaxy is  such that much of the bar i e  obscured 

by prominent dust lanes, the b r igh t  central  region and the emission knots a t  

Large distances f'rom the nucleus make it possible t o  study the  velocity field 

of the  galsxy In some detail .  The chief observational Ximitation %e the 

southerly declination of the  object. 

H I 1  regions forming spiral a m  around a central  nucleus about 12" across; 

bright emission knots outline a continuation of t he  arms i n  the  outer regions 

of t he  galaxy, t o  a distance of about 100" from the nucleus. Unlike t he  

tyh ica l  SBc galaxy which has only two arms making an%hape, NGC 613 has 

several  well-defined arms, arid a suggestion of crossing arms i n  the outer 

region&. 

The nuclear region consists of bright 

.%A 

I n  its overall appearance, NGC 613 closely resembles NGC lOg7 and 

NGC 6951, both of which may be more face-on examples of the "fat bar" type 

of +red spiral ,  i.e., the type with a bar that is thick i n  the plane of 

the galaxy, but not th ick  i n  the direction perpendicular t o  the plane. 

IVGC 109.7 and 19Gc 6951 may be seen i n  the Hubble A t l a s  (Sandage 1961). 

Both 

11. OBSEWATIONS 

A number of spectra of NGC 613 were obtained i n  November and December, 

1960, with the  B spectrograph a t  t h e  prime focus of t he  82-inch McDonald 

telescope, w i t h  

pos i t  ion angles 

angle loss5 was 

of the  120-inch 

bination of the  

the slit i n  different orientations.  The exposures and 

are l i s t e d  in Table 1. An additional spectrum in position 

obtained i n  October, 1963, w i t h  the  prime-focus spectrograph 

telescope at; the  Lick Observatory. For th i s ,  w e  used a c6m- 

thick Schmidt camera and grating giving a dispersion of . 
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195A/nnn a t  Ha and a scale of 84" per m perpendicular t o  the dispersion. A 

reproduction of t h i s  spectrum is shown in  Figure 2. 

l ines  of Ha, [N 111, and [S I11 are prominent. 

A sketch of the galaxy is  shown i n  Figure 3; the orientations of the slit 

The emission 

are indicated. For each position angle, the l i m i t s  of the  regions for  which 

veloci t ies  could be measured  :%re indicated by the  short bars. 

appearance of the galaxy, the l ine of nodes w a s  estimated t o  be i n  position 

From the 

angle l l 5 O . ;  however, estimatim of the  l i ne  of nodes from the shape of the 

galaxy is uncertain for  a barred spiral ,  as one tends t o  be influenced by 

the presence of the bar. 

tf~~ireuu lru uuuulr IW iron1 tile center. Velocities of tine most d i s h n t  bright 

knots i n  the  southeast arm were obtained with the s l i t  i n  position angle 121'. 

I n  oosition angle 115" the  bright knots i n  the  a& 

A- -=--.A. qnnll -.- 

Observations of other knots i l l  t h i s  arm were made with the  s l i t  i n  position 

angle 114' through the knots, but not through the nucleus. A t  90° t o  the  

estimated l i n e  of nodes, in position angle 25O, observations of only the  br ight  

ceIitral Iiucleus were obtained. 

All spectra were measured w i t h  the  Mann two-coordinate measuring instru- 

ment a t  the University of California, San Diego, with the perpendicular cross 

w i r e s  set  a t  49 t o  the direction of t rave l  of the screws. 

corrections previously obtained were applied. 

683, 684, 688, eo),  night-sky lines could be measured as a check on systematic 

The curvature 

On f ive  of the spectra (E 681, 

errors; in a l l  cases there wa:; no systematic run of errors  with position along 

the length of t he  s l i t .  

perpendicular t o  the dispersion. 

Wavelength measures were =de a t  intervals of 20 p 

For t h e  McDonald plates, t h i s  corresponds 
W 18 

t o  a distance of 2.9; the greater scale  of the Lick instrument gives 20 )I = 1.7. 

With the smaller dispersion arid longer sl i t  of the  McDonald spectra, only H a  

and [N 111 ~6583 are measurable, t o  a distance of 87 
I? 

fiom the nucleus on the 
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north-west side. 

it possible t o  measure HCY, [ N  111 X6548, ~6583, and [S I11 ~6717, but a 

The greater dispersion of the Lick spectrum L 620 makes 

shorter elit w a s  used, and t.he measurer; extend only over about 15". The 

McDonald spectrum B 688 and the L i c k  spectrum L 620, both i n  position angle 

10595, give measures that a re  i n  very good agreement, a s  w i l l  be seen below, 

and the Lick spectrum, with its greater scale and dispersion, thus provides 

a valuable check on the  spectra obtained ear l ie r  a t  McDonald. 

i n  a galaxy such as th i s ,  w i t h  a steep velocity gradient across the  nucleus, 

I n  addition, 

the increase i n  scale provides additional velocity measures where the steep 

slope makes them particularly desirable. 

The measured velocit ies,  reduced t o  the sun and corrected for  the  basic 

solar  motion, are given i n  Table 2.  This procedure is a departure fiom our 

previous publications, i n  which measured veloci t ies  were reduced t o  the  sun, 

but no additional reduction was included. We have decided t o  reduce the  

observations t o  the local  standard of rest, first so that our veloci t ies  can 

be more readily compared with those obtained from 21-cm radio observations 

of external galaxies; and secmd, because f a i r l y  well-established values of 

t h e  reduction terms are availzble. For the  motion of the  sun w i t h  respect t o  

the loca l  standard of rest, w e  adopt t h e  basic solar motion determined by 

Vyssotsky and Janssen (1951); Vo = 15.5 km/sec toward cy = 26590, 6 = +20?7, 

corresponding t o  galactic velocity components S = +10.2, f = +10.1, and 

i = +5.9 km/sec, with positive 2 directed toward the galact ic  center. 

NGC 613 has 1950 coordinates cy = 1 32 -0, 6 = 2go4O1 , corresponding t o  

A I 1  = 228O, bl' = -800. 

h m  

A t  this position, the correction for  the basic solar  

motion i s  AVr = -8.6 km/sec . 
From the veloci t ies  l i s t e d  in Table 2, the mean velocity of the galaxy 

as a whole has been taken t o  be +1525 km/sec, from the  adopted mid-point of 

t he  nucleus. Humason, Mapll, and Sandage (1956) give +I558 km/sec for the 
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uncorrected veloci ty  of NGC 613, ,in good agreement with the present adopted 

value. Following the recent I . A . U .  (1963) recommendation, w e  take 9 = 250 km/sec 

as the  velocity of rotat ion of  our Galaxy at  the position of the sun.' For 

NGC 613, t h e  correction for  galactic rotat ion is BV = -32.3 km/sec. The 
g 

corrected recession velocity of NGC 613 is then +1493 km/sec. 

AS can be seen in  t h e  Lick spectrogram shown i n  Figure 2, t he  in tens i ty  

d is t r ibu t ion  of the continuum perpendicular t o  the  dispersion is not symmetrical 

with respect t o  the extent of the emission l ines ,  since the continuum has a 

greater  extent i n  the  northwest direction than  i n  t h e  southeast direction. 

In addition, t he  br ightest  I a r t  o f  the  continuum is not located i n  the geo- 

metrical center of the contj.nuum. It is assumed t h a t  the d is t r ibu t ion  of early- 

type &tars, ionized gas, and obscuring dust has t he  symmetry of a barred sp i r a l ,  

namely, rotat ion through 180° about the  ax is  of t he  galaxy is a covering 

operation, and t h a t  there is no plane of symmetry containing the  ax is  of 

rotat ion.  The dust lanes which can be plainly seen i n  Figure 1 and which 

are typ ica l  of those seen i n  barred spirals, have t h i s  type of symmetry. 

The southeast part of NGC 613 is approaching the  observer; the dust lanes a t  

the southeast edge of the  nucleus a r e  then i n  t h e  foreground and obscure the 

,continuum radiation from t h i s  region. 

suf f ic ien t ly  pronounced so t h a t  spectrum 13681, a 30m exposure i n  posit ion 

The ef fec t  of t h i s  obscuration is 

angle U S 0 ,  has measurable l i nes  on one side of the. nucleus only. 

of t h i s  a sybe t ry ,  there is some uncertainty i n  locating the mid-point Of 

t he  nucleus. 

e ight  spectra.  

Because 

The adopted value , however, is conf inned i n  general by a l l  

W i t h  the adopted value of +l525 km/sec for  the  center of the galaxy, 

the ve loc i t ies  r e l a t ive  t o  the  center have been found from the values l is ted 

i n  Table 2; those i n  position angle 10595 a r e  p lo t ted  i n  Figure 4 and those 
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i n  position angles 115' and 121' are  plotted in  Figure 5 .  

B709, i n  position angle 1 1 4 O  and not through t h e  nucleus, the values have 

been reduced t o  posi t ion aq:le l l 5 O  through the nuclew, by me8na Of the 

For the  spectrum 

usual projection formulae, assming tha t  the veloci t ies  a re  purely circular  

ones (cf.  Burbiilge, Burbidge, And Prendergast, 1 9 6 0 ~ ) .  For these knots, the  

position angles with respect t o  t h e  nucleus range from 1 9  t o  129; i.e., 

they l i e  close t o  the adopted l ine of nodes. 

therefore small; the  nhximm difference comes out t o  be 5 km/sec i n  the  

velocit ies,  and 3 seconds of a rc  i n  the distance. 

Figure 5 are thus very close t o  t h e  observed line-of-sight veloci t ies .  

The projection factors  are 

*e values plotted i n  

As has been pointed out i n  ear l ier  papers i n  t h i s  ser ies ,  the analysis 

of t he  velocity f i e l d  of barred spirals is more d i f f i c u l t  than fo r  ordinary 

sp i ra l s .  

assumed. 

geometry of the  orientation of the galaxy a re  suff ic ient  t o  define completely 

the  velocity f i e l d  of the galaxy. For a barred spiral, since there  is no 

axisynrmetry, the velocity f i e l d  cannot be uniquely specified from observed 

line-of-sight motions only. 

I n  ordinary spirals ,  both a plane and a n  axis  of symmetry can be 

"hen the  further assumption of purely circular  orb i t s  and the  

Danver (1942) gave g 4 9 4  as the position angle of the  l i ne  of nodes, and 

4699 for  t he  angle between t h e  normal t o  the plane of the galaxy and the  l i n e  

of s ight .  

br ight  emission knots southeast of the  nucleus a t  position angle 128'; however, 

it is not very different from our adopted value of 119. 

of 470 for  the  inclination i n  the following calculations. 

This choice of the l ine of nodes may have been influenced by the  

We have used h i s  value 



The velocity curve i n  thtt central  region of NGC 613 is w e l l  defined. 

From the measures in  position angle 10595 (shown in  Figure 4), the velocity 

curve i s  approximately symmeti-ical from -20" t o  +20", w i t h  IVml M 300 km/sec. 

From the  Lick spectrogram, whrich has greater weight, t h e  variation appears 

s t r i c t l y  l inear  between -7.5" and +7.5", wi th  a velocity range of 200 km/sec 

w i t h  respect t o  the central  velocity. 

V = 1493 km/sec, and a Hubble constant of 75 km/sec per Mpc, w e  obtain a 

distance of 20 x 10 pc for  NCC 613; a t  t h i s  distance, 1" = 96 pc. 

angular velocity is constant over a nuclear region with diameter - 1400 pc. 

F r o m  the adopted recession velocity, 

6 Thus t he  

A similar re su l t  is obtained f'rom the observations i n  position angles 115" t o  

-t n-t 0 
I L L  . 

I n  the  outer regions of the galaxy, a decided asymmetry is observed. 

On the  northwest side of the 6;alaxy there a re  no measures of velocity between 

about 20" and 70". 

with respect t o  the nucleus a re  measured. 

From 70" t o  90" veloci t ies  of t he  order of 200 km/sec 

On the southeast (approaching) 

side, t he  ebservations are very different.  

interpreted as circular  velocities, t i e  br ight  knots a t  y = 60" have only a 

very small ro ta t iona lve loc i ty  wi th  respect t o  the  center; t h e  rotat ional  

velocity bcreases  w i t h  increasing distance from t h e  center, reaching a 

maximum (negative) projected velocity of about -240 km/sec a t  y = 100". 

If t h e  obsaxed ve loc i t ies  ere 

The 

overal l  appearance of t he  velocity curve is s t r ikingly similar t o  that observed 

fo r  the  barred s p i r a l  NGC 5383 (paper V i n  t h i s  series; Burbidge, Burbidge, 

add F'rendergast, 1962). 

has a steep gradient, i n  the Gpposite sense t o  tha t  expected for  Keplerian 

orbi ts .  Although it w a s  clearly pointed out i n  the discussion of NGC 5383 

t h a t  no unambiguous model can be presented fo r  such non-axisymmetric veloci ty  

For t h i s  galaxy also,  one end of the velocity curve 

fields, it is possible to.exmnine several a l ternat ives  f o r  the  present case. 
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The main problem that must be solved if  we are t o  understand the 

velocity f i e l d  i n  NGC 613 is the following. The southeast emission knots 

a t  y = 60" have almost no line-of-sight velocity with respect t o  the 

nucleus. If only circular velocit ies were present, these points would be 

a t  rest with respect t o  the nucleus, a physically unlikely s i tuat ion.  W e  

have looked a t  varioua mode1.s of t h e  velocity f i e l d  of NGC 613, and conclude 

that  there a re  a number of possibi l i t ies  which w e  summarize below. 

(1) 

. 

If the  t rue  l i ne  of nodes lies f a r  from the adopted position angle of 

UT, then t h e  computed projection factors for  the veloci t ies  i n  the 

southeast knots are not 2orrect. However, calculations show that a 

shiFt  of the l i ne  of nodes by as much as 35' w i l l  increase the  velocity 

i n  the  plane of the galaxy a t  y = 60" only from -19 km/sec t o  -36'km/sea, 

if the  veloci t ies  are purely circular .  

almost 900 different from the adopted position angle, the veloci t ies  

a t  y = 60" could be increased by any desired factor,  but the  ve loc i t ies  

further out in the same a r m  would then become impossibly large. 

Conversely, if  the  l i ne  (if nodes is  in  position angle lly but only 

rad ia l  motions are present, impossibly large r a d i a l  motions a t  y = 100" 

result from the measured values. Combining circular  and r ad ia l  motions 

clear ly  does not help. Both (1) and (2 )  r e su l t  from the f a c t  that, - 

zero line-of-sight velocity is observed with respect t o  the  center, an4 

If the  t rue  l i ne  of nodes were 

(2) 

w e  have no a p r io r i  knowledge of t he  nature of the velocity field, w e  c&c 

say only that the  t rue  velocity has undetermined magnitude and is ger- 

pendicular t o  the l i ne  o f  sight.  

If the  galaxy is res t r ic ted  t o  a plane, but z-motions and circular  

veloci t ies  are present, the z-component m u s t  be - 300 km/sec, with 

assumed circular  components N 100 - 200 km/sec, t o  produce the  observed 

results. 

( 3 )  
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(4) If the outer southeast arm projects out of the principal plane of the 

galaxy, there 5s s t i l l  great d i f f icu l ty  in interpreting t h e  observations 

in terms of C i r C U h r  m G t L m S  and motions along the a r m .  

the  arm would contribute most t o  line-of-sight observations a t  large y. 

because there the measured veloci t ies  along the a r m  would have the  

Any motion along 

largest  component i n  the direction toward the observer. However, the 

measures demand that the s e a t e s t  contribution from z-motions comes a t  

around y = 60". 

positions and veloci t ies  i n  the outer arm which would exactly reproduce 

the observations. However, such a model would have l i t t l e  value in 

It is possible, of course, t o  construct a model of 

putations have been carried out w i t h  the I B M  7094 a t  NASA, on the flow of 

gas in the gravitational f i e l d  of a prolate spheroid rotat ing end over end 

w i t h  given angular velocity (Prendergast 1964, 1984). 

show that matter may be expected t o  escape from the ends of the bar and form 

t r a i l i ng  sp l r a l  arms. 

w i t h  matter circulating around the nucleus in  the same direction as the 

rotat ion of the system as a whole. 

These computations 

Within the bar a complicated flow pattern appears, 

Consider a barred s p i r a l  with a very thin bar: tha t  is, one with dimensSonr 

along the bar much greater than a t  right angles t o  it, measured in  the plane 

of the galaxy. 

I n  t h i s  case, we say that the gravitational force a t  any point on the  long 

axis of the bar is very nearly balanced by the  rotat ion of the  bar, and that  

there may be a small pressure gradient as  prcr;mably giving rise t o  an 

An example of t h i s  kind of galaxy is NGC 1300 (Ssndage 1961) 

effective force directed away f'rom the nucleus. 

angles to the long axis of the bar, we may suppose that the pressure is 

For the  support a t  r i gh t  
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suff ic ient ,  or w e  may allow a circulation i n  the  bar (Prendergast, loc c i t .  ) . 
Now let us consider the  transistion between a barred s p i r a l  of t h i s  kind ( i - e . ,  

a very thin bar) mid an ordjnary o p i r s l  galaxy, 

t o  ge t  "fatter", which means that t h e  forces other than the  centrifugal force 

To do t h i o  we s l l w  the bar 

due t o  the rotation of the system as a whole are becoming more important. 

!I!hi~ can mean either tihat the pressure is increaping, or  possibly that the  

velocity of circulation w i t h  respect t o  the  bar is growing larger .  

same mass, w e  should expect t h a t  the  rotat ion of the bar as a whole decreases, 

For the 

since there  are now other ways of supporting the material against its own 

gravitation. The case w e  want to  consider is the one i n  which the velocita 

of circulation increases, t h e  velocity of rotat ion of the  system as a whole 

decreases, and the  pressure is not too important. 

and NGC 3504, t o  be seen i n  the  Hubble A t l a s ,  p la te  46 (Sandage 1961), are 

cases of t h i s  type. 

We suggest that NQC 6951 

We could not have high pressure in NGC 6951 without 

having a much more prominent nucleus. But t h i s  galaxy has a fat  bar, and 

something m u s t  be supporting the material; t h i s  m u s t  be the centrifugal force 

due t o  circulation within t h e  bar. For a very fa t  bar supported mainly by 

its internal circulation t h e  velocity of rotat ion of the  bar as a whole m i g h t  

be quite small. F6r NGC 3504, a steep velocity curve in the.nucleus and a 

much smaller velocity toward the end of the  bar w a s  observed (Burbidge, 

Burbidge, and Prendergast ' 1960b) . For t h i s  galaxy, the  steep veloci ty  curve 

i n  the nucleus might arise fromthe velocity of circulation, and the  small 

veloci ty  further out from the  rotation as a whole. 

correct, we should see features reminiscent of the s p i r a l  arms i n  ordipary 

If t h i s  interpretat ion is 

spirals ,  whenever w e  encounter a barred spiral w i t h  a "fat bar" and small 

nucieus.. Featurea which look as if they are such a m  can be noted i n  these 

galaxies 
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From its appearance NGC 613 is of t h e  fat-bar type, seen closer to 

edge-on than NCC 6951. Since the nucleus is not big w e  conclude that the  

pressure is small, that there i s  a large velocity of circulation w i t h  respect 

to the  bar, and that the  velocity of rotat ion of the bar as a whole is 

probably small. 

arms w i t h  escaping matter ( i . e . ,  matter escaping i n  the fashion computed for 

Furthermore, we might be tempted t o  ideptify the  outermost 

very thin-bar barred sp i r a l s ) .  The "ordinary" arms can be seen a t  the 

boundaries of the bar, and perhaps some obscuring matter can be detected as 

w e l l .  

density wave goes around the  galaxy a t  constant angular velocity, losing 

Another way of expressing t h i s  is t o  say that a f i n i t e  amplitude 

matter at the creet. 

The observed run of velocit ies could be f i t t ed  into such a m o d e l ,  but 

a t  the  present time there a re  s o  many poss ib i l i t i es  t h a t  it is best t o  w a i t  

u n t i l  the  theoret ical  models are complete and t o  observe more barred sp i r a l s  

t o  see whether the type of velocity dis t r ibut ion found i n  ncC 613 and. in 

NGC 5383 is very prevalent. 

IV. THE MASS OF THE GAW[Y 

Because of the  d i f f icu l ty  in interpreting t h e  velocity f ield in the barred 

How- s p i r a l  NGC 613, w e  cannot make a mass estimate for  the  galaxy as a whole. 

ever, the circulation of material i n  t he  center of  the galaxy, with respect 

t o  the bar which is rotating as a whole, can be used t o  make a mass estimate 

for the  nuclear region. 

spheroid, rotating with constant angular velocity, the mss is given by 

If the mterial i n  the nucleus is treated as a uniform 
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H e r e  a is the  semi-major axis of the nucleus, V is  the circular  velocity a t  

the  edge of the nuclear region, G is the gravitational constant, and cy is a 

constant which is determined *om t h e  ratio of minor t o  major axis, ./a. 

c/a = 0.5, Q = 1.418. 

For 

We consider first the Lick spectrum in position angle 

1095, because the  l inear  portion of the velocity curve is so w e l l  determined. 

From the observed radius of the nucleus, 7.5", and the observed velocity a t  

the  edge of the  nucleus, 200 lun/sec, and using the  spatial orientation of t h e  

galaxy as adopted earlier t o  compute t h e  projection factors, t he  nuclear ma88 

comes out t o  be 

. Y , = g x l O  9 Mo 

If w e  assume that a t  the point P a t h e s t  f r o m  the  center fo r  which w e  

have measures, the  stream velocit ies are small and the  observed ve loc i t ies  are 

Keplerian, w e  may compute a possible upper l i m i t  fo r  the'mass of the  galaxy 

as a whole. Taking V- = 240 kn/sec a t  y = 85", f o r  position angle 10$5, 

and V- = 200 km/sec a t  y = 80" f o r  position angle up, and projecting 

these values in to  the plane of  the galaxy fo r  a position angle of the l i n e  of 

nodes equal t o  119, w e  f ind Inasses of 2.2 x 10l1 and 1 . 3  x 1011 respectively. 

However, as cm be seen from the discussion in  Section 111, such an estimate 

fo r  the' t o t a l  ma88 is highly undertain. 

W e  wish to thank Dr. Joan Crampin fo r  carrying out some of the  analysis 

of the  spectra. 
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OBSERVATIONS OF NGC 613 
Poe it ion Exposure Slit Dispersion 

Spectrum No.  Date Angle (minutes ) Length (A/=) 
- 

McDonald B 679 
B 681 
B 683 
B 684 
B688 
B 6go 
B 709 

Lick L620 

N a v .  27, 1960 
N w .  28, '1960 
Nw. 29, 1960 

Nw. 30, 1960 
mv* 29,1960. 

Dec. 1, 1960 
Dec. 21, 1960 
Oct .  24, 1963 

I20 

30 
I20 

30 
I20 

120 

2 5  
120 

330 
330 
330- 
330 
330 
330 

330 
195 
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- I1 

Z FUXTIoB OB DI5Y%NcB ?ROM CE 

(sec .  or Arc) 

mstance Velocity 
~ o r n  center (h/sec) 

( S e c .  -----I- of Arc)  

B 679 P.A. US" ' P. A.  115" B @O (cont.) P. A. 121" B 683 (con+ 

q = I  6583: 
i 7.2 
i10.1 

S.E. +15.2 

B.U. - 3.5 
- 0.6 
i 2.3 
+ 5.2 

S.E. i 8 . 1  

j 111 6717: 

Bo: 
- 3.1 
- 0.2 

+ 2.6 
+ 5.5 
i 8.4 
+83.1 
+86.0 
+88 -9 
+91.8 +* .7 

S.E. +97.6 

ikl: 

B.U. -80.8 
-77.9 
-75 .o 
-72.1 
-69.2 

- 9.9 
- 7.0 
- 4.1 
- 1.2 

+ 1.7 
+ 4.6 

+ 7.5 
S.E. +10.4 

!N 111 6583: 
R.W. - 7.1 

- 4.2 
- 1.3 
+ 1.6 
+ 4.5 

S.E. + 7.4 

1 mi  

+la 

1382 
14.02 

1736 
15@ 
1&8 
1361 
1353 

i1660 
1561 
1484 
1438 
1482 
1393 
1379 
1338 
1359 
1% 
lP7 

i1642 

1721 
1784 
L840 
-7 
1646 
1623 
1599 
1545 
1491 
1107 
1383 
1359 

1702 
1641 
1603 
1504 
1435 
14U 

?. L. 115" 
--- 

B684 P. A. 250 

1544 
1513 
1 2 7  
1496 

1533 
1487 
1486 
1500. 

L 620 P. A. 10595 
Brr: 
A.E. - 5.2 

- 2 . 3  
+ 0.6 

S.W. + 3.5 
M IIl 6583: 

B.E. - 4.5 
- 1.6 
+ 1.3 

S.U. + 4.2 

B688 

[B 111 6548: 
B.W. - 4.2 

- 2.6 
- 0.9 
+ 0.8 
+ 2.5 
+ 4.1 

S.E. + 5.8 
Ho: 

A.Y. - 5.2 
- 3.5 
- 1.9 
- O.? 
+ 1.5 
+ 3.2 
+ 4.9 
+ 6.5 

+ 8.2 
S.X. + 9.9 

n.w. - 4.4 

- 3.5 
- 1.9 
- 0.2 
+ 1.5 
+ 3.2 
+ 4.9 
+ 6.5 

S.E. + 8.2 

R.W. - 0.9 
+ 0.8 
+ 2.5 
+ 4.1 

S.E.  + 5.8 

[R I I I  6583: 

:S = I  6717: 

3709 

1594 
15- 
1537 
1505 
1466 
1408 
i39g 

1659 
1637 
1593 
1544 
1491 
1424 
1384 
1358 

12,: 
I ., . -_-_ 

1625 
1620 

1585 
1523 
1492 
1.435 
1382 
1M 
1328 

1501 
1480 
1415 
1354 
1306 

A .  ll4" 

P. A. 10s". 
:'a: 
B.Y. - 5.2 

- 2.3 
+ 0.6 
+ 3.5 
+ 6.4 

S.E .  + 9.3 
' TI] 6j55: 

ii.1. - 0.5 

+ 2.L 

+ 5.3 . 
+ 8.2 

S.E. +U.1 

1635 
1559 
1505 
1 4 7  
1466 
1495 

1502 
1464 
l'Q3 
1387 
1% 

Brr: 
B.U. -87.0 

-83.3 
-79.7 
-76.1 
-8.5 
-69.9 

-33.7 
-9.1 
-20.7 
-17.0 
-13.4 
-10.5 
- 7.6 
- 4.7 
- 1.8 
+ 1.1 
i 4.0 
i 6.9 
+ 9.8 
+L? .6 
i15.5 

S.E. iU.4 
III 6583: 
B.W. -13.1 

- 9.5 
- 5.9 
- 2.3 
+ 1.4 

+ 0.6 
+ 5:O 

S.E. +U.2 

LBO0 
1782 
1 8  
1767 
1 7 b  
1743 

2013 
1998 
1863 
1841 
1825 
1772 
17% 
1695 
1543 
1421 
1390 
139 
1357 
1341 
1264 
1285 

1783 
1655 
15U 
1465 
1433 
1372 
1355 
1384 

B 683 P. A.  1150 

&: 
R.W. -81.1 

-78.2 
1669 
1687 
1644 
1624 

1649 
1643 
1688 
1748 
In0 
1686 
1563 
1418 
1371 
1370 
1406 
1413 
1WS 
1282 
1255 
l a 9  

lTl5 
1729 
1691 
1576 
1469 
1423 

-75.3 
-72.4 
-69.5 
-66.6 
-13.3 
-10.4 
- 7.5 
- 4.6 
- 1.8 
+ 1.1 
+ 4.0 
+ 6.9 
+ 9.8 
+l2.7 
+95 .o 
447.9 
+100.8 

S.E. +103.6 
IN Is1 6583: 

R . W .  -10.1 

- 7.3 
- 4.4 

- 1-5  , 

+ 1.4 
+ 4.3 

(not through nucleus) 

Distance I Yelccity 

mg Spectrum I ( h / s e c )  
!C.  Of Arc) 

+ 5.8 
+ 8.7 1436 
+15 -9 

+a.7 
1393 

-78.4 
-75.5 
-65.4 
-1l.8 
- 9.1 - 6.0 

+24.6 

S.E. + 3 . 4  
i27.5 

1389 
1395 
1377 
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FIGURE CAPTIONS 

Fa. 1 - NGC 613, photograzhd a t  prime focus of McDonald &-inch t e b 8 C O p e  

on baked Eastman Kodak IIa-0 plate. 

Scale: 1 IIUU = 0%. 

. North ie a t  top, w e s t  a t  left.  

Fig. ,2 - Red e p e c t k  r k i o n  of NGC 613 w i t h  slit in PA. 1050.5, showing 

inclined emission lines of [N I11 ~6548, Ha, [N I11 ~ 6 5 8 3 ,  [S I11 
~6717, and [S 111 h6731. 

graph on Lick 120-inch telescope w i t h  thick Schmidt camera and 

Plate taken w i t h  prime-focus spectro- 

mthg giving dispersion 195 A/=. 

and the  north-west end of the slit appears at the top of the 

spectrum. Canprison spectrum is neon. 

k n g t h  of 611% on s e  w a i  2' , 

Fig. 3, - Sketch of R(3c 613, showing sl i t  orientations. Short bars indicate 

the l i m i t s  within which velocit ies were m e a s u r e d .  

F i g ,  4 - Measured velocities, relative t o  the velocity of the center of 

the galaxy, from spectra B 688 and L 620 (P.A. lo$.) plotted 

against distance from the center. 

Fig. 5 - Measured velocities, r e h t i v e  t o  the  velocity of the  center of 

the galaxy, from spectra B 679, B 681, and B 683 ( P A .  1150 1, 
B 690 (P.A. =lo), and B 709 (P.A. 114' not through nucleue, 

reduced $0 P A A .  llp), plotted against distance from the center. 

- 17 - ,  
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